THE alterations in the circulation caused by a systemic arteriovenous fistula have been studied extensively'-19 and the occasional occurrence of a syndrome resembling congestive heart failure in the presence of a chronic fistula has long been recognized. [20] [21] [22] [23] In recent years cardiac catheterization has permitted more thorough study of such patients14' 15 but concomitantly, since the potential hazard of the lesion has been better appreciated, early surgical correction of the defect has usually been carried out. Cardiac failure resulting from peripheral arteriovenous fistula therefore is now a rare entity and to our knowledge hemodynamic studies have been performed in only 2 cases presenting congestive heart failure. '5 In the present paper studies before and after operation in patients with arteriovenous fistulas are reported. Two patients were in a state of congestive heart failure without apparent cause other than the fistula. The physiologic data observed in the patients with congestive heart failure not only clearly separated them from the others but also qualitatively resembled in many respects data ob-tained in patients with congestive failure resulting from primary myocardial disease.
MATERIAL AND METHODS
The fistulas in 4 patients had been present from 10 to 23 years; 2 were of recent onset (S.A., J.E.). In 5 cases the shunt was located in either the iliae or femoral vessels and in the sixth the brachial vessels were involved (J.E.). In 1 (J.P.) the shunt was congenital; the remainder were traumatic in origin resulting from either gunshot or stab wounds. Following physiologic studies surgical repair of the fistula was performed for the 5 acquired lesions. The diameters of the fistulas as estimated or measured by the surgeons at the time of surgery fell within a range of 1.0 to 1.5 em. The proximal artery was dilated and tortuous in each of the patients in whom surgery was performed with the exception of patient SA. whose shunt had been functional less than 2 weeks. In no case was there evidence of constriction by scar or surrounding fibrous tissue. Arteriography demonstrated similar tortuosity and dilatation and presumably a shunt of comparable size in the case of J.P. who had congenital lesions for which surgery was not performed.
The 2 patients (S.A., J.E.) whose fistulas were of relatively short duration are referred to as "short-term non-failure" patients and the other 2 without congestive failure whose fistulas had been functional for 18 and 19 years as the "longterm non-failure" patients (E.W., J.P.). The clinical histories of these 4 patients contained no symptoms suggestive of congestive failure. The 2 long-duration patients were laborers who were working without limitation until the time of their hospital admissions for study and elective surgery. The physical examination in each case revealed swelling and a bruit at the site of the fistula with venous engorgement in the affected extremities, but no edema. Examinations of the heart and teleroentgenograms in 3 patients were entirely normal; 1 of the long-term patients (E.W.) had moderate enlargement of the heart and a grade III systolic apical murmur. Following surgery the murmur disappeared and the heart size returned to normal. Hemoglobin values were within normal limits in all patients. Blood volumes were normal in the 2 "short-term" and elevated in the 2 "long-term non-failure" patients.
The histories and findings of the 2 cases which we refer to as the "failure patients" differed markedly from the group above.
The first patient (C. Pulmonary Arterial Pressure and Total Pulmonary Resistance The total pulmonary resistances were low in the non-failure patients and pulmonary arterial pressures were high normal. The pressures and resistances were elevated in the 2 patients in congestive heart failure and a marked decrease in pulmonary arterial pressure was observed in each following surgery. DISCUSSION
The clinical state of congestive heart failure present in 2 of these patients was similar to the syndrome of congestive failure that has been observed by others in certain patients with arteriovenous fistulas.20-23 Furthermore, it was similar to the syndrome of chronic, congestive heart failure which may be present in patients suffering from heart disease of any etiology. Yet, after surgical excision of the fistulas, no heart disease was demonstrable in one of these 2 individuals and in the other a quite normal functional capacity and heart size were found despite the development of aortic regurgitation following postoperative acute bacterial endocarditis. Similar clinical sequences have been observed previously, but it has been proposed that this syndrome does not represent actual heart failure and is attributable to circulatory congestion simulating congestive heart failure without actual myocardial inadequacy. 27' 28 The physiologic data obtained during and following the syndrome of congestive failure in these 2 patients, however, clearly indicate that actual myocardial inadequacy was present. Their cardiac outputs were relatively lower than those found in the 4 other patients with arteriovenous fistulas and significant elevations of venous, atrial, pulmonary arterial, and systemic arterial pressures were found at rest. During exercise their cardiac outputs fell to still lower levels and their intravascular pressures became more abnormal. With the exception of the absolute level of the cardiac output, the hemodynamic findings in these 2 individuals were, in fact, quite similar to those usually found in patients suffering from chronic congestive heart failure due to heart disease of any etiology.29' 30 The physiologic data obtained postoperatively suggested, however, that no antecedent underlying heart disease had been present to explain the transient occurrence of clinical congestive heart failure; this syndrome therefore seemed to have been the result solely of transient heart failure produced by the systemic arteriovenous fistulas.
In these 2 patients, who had chronic congestive heart failure on clinical examination and myocardial inadequacy as measured by cardiac output and intravascular pressure observations, the duration and anatomy of the fistulas and collateral vessels did not differ importantly from those found in the 2 longterm non-failure patients and the magnitude of the compensatory hypervolemia was not markedly greater than in the long-term nonfailure patient E.W. Myocardial inadequacy would, therefore, seem to have been the result of a finite ability of the myocardium to increase and maintain stroke volume in the face of the demand imposed by the decreased total peripheral resistance caused by the fistula and the increased venous return caused by the compensatory hypervoleinia. As a result of myocardial inadequacy, lower cardiac outputs and elevated right atrial and pulmonary arterial pressures occurred. Systemic arterial hypertension was also present ill these 2 failure patients with elevation of the total systemic resistance to the normal range, despite the presence of the fistulas. The inadequate cardiac output resulting from the volume load apparently had as its consequence a generalized increase in systemic arteriolar resistance of sufficient magnitude to result in an increase ill total systemnic resistance to normal despite the lo-(ally low resistance of the fistula. In these patients maintenance of blood flow through the fistula in the face of a decreasing car-diac output thus required vasoconstriction with a -consequent reduction in the circulation to the remainder of the body.18 Systemic hypertension in these individuals is therefore thought to have represented the consequence of an increased peripheral resistance due to heart failure in the presence of an overfilled circulation. Systemic hypertension has been reported in certain other patients with systemic arteriovenous fistulas and congestive heart failure but has not invariably been found. 15' 20-23 It would seem likely, therefore, that myocardial inadequacy developed initially from the volume load imposed by the fistulas and was subsequently augmented by the pressure load imposed by the hypertension that occurred as a consequence of the development of heart failure. The development of transient systemic hypertension during exacerbations of chronic congestive heart failure in patients with heart disease of various etiologies is well recognized. The severity of the hypertension that may result from an increase in total systemic resistance in the presence of hypervolemia is evident in the pressures obtained during occlusion of the fistulas in the 2 failure patients. 6 In these 2 patients with systemic arteriovenous fistulas we suggest that maintenance of an adequate arterial pressure eventually required levels of cardiac output that their hearts could not sustain with the consequent development of myocardial inadequacy. The compensatory hypervolemia which, prior to the development of heart failure aided in the maintenance of an adequate arterial pressure, then became a deleterious mechanism, since it contributed to the volume load presented to the failing heart and to the development of the pressure load imposed by systemic hypertension. We see in the hypervolemia, therefore, an example of an essential homeostatic mechanism becoming an undesirable factor in the presence of heart failure.
Finally, in these individuals who had presented congestive heart failure, surgical correction of the peripheral circulatory lesion resulted in the apparent return of circulatory Land myocardial function to normal. These data thus provide evidence that heart failure may be produced in the apparently healthy heart by a peripheral circulatory load and, furthermore, they also permit a description of the sequences and adjustments by which this may occur. Inadequatia myocardial esseva apparentemente le consequentia de un finite capacitate del corde pro augmentar e mantener le volumine per pulso in le presentia del requirimentos imponite per le lesion a basse resistentia e le hypervolemia compensatori. Le correction chirurgic del fistulas resultava in le retorno del dynamica circulatori a conditiones normal. Per consequente le datos hie presentate demonstra que disfallimento cardiac pote esser producite in apparentemente normal cordes per un carga in le circulation periphic.
SUMMARY

